Introduction
============

The advent of capsule endoscopy nearly two decades ago revolutionized the investigation of small bowel diseases [@JR1770-1] [@JR1770-2] . Similar to colonoscopy, adequate bowel preparation is essential for a quality exam, albeit in the small intestine rather than the colon [@JR1770-3] . However, unlike colonoscopy in which numerous bowel preparation scores exist, there is no validated or widely accepted scale for bowel preparation in the small intestine [@JR1770-4] . As a result, research in bowel preparation for capsule endoscopy, including clinical trials, have utilized a range of ad hoc qualitative and semi-quantitative scales [@JR1770-5] [@JR1770-6] [@JR1770-7] [@JR1770-8] . This is problematic as the reliability and operating properties of such scales are unknown. A reliable small bowel preparation scale should produce a similar score if measured by different outcome assessors (inter-rater reliability) or by the same assessor at different times (intra-rater reliability) [@BR1770-9] . Furthermore, use of numerous scales in the literature has resulted in substantial heterogeneity in meta-analyses of studies investigating small bowel preparation, resulting in inconsistent conclusions [@JR1770-10] [@JR1770-11] . Accordingly, a reliable and valid measure of small bowel preparation would improve the quality of capsule endoscopy research.

Small bowel preparation assessment is difficult due to the long duration of capsule endoscopy videos, where small intestinal transit often take hours to complete [@JR1770-11] . Accordingly, small bowel preparation scales that require review of the entire video for scoring, such as using a stopwatch to record the proportion of time the mucosa is obscured by intestinal contents [@JR1770-6] [@JR1770-12] [@JR1770-13] , are unsuitable for use due to being overly labor intensive. As a simplification, some scores rate small bowel cleanliness using an ordinal scale, usually some variation of excellent, good, fair, and poor, for the entire small bowel based on an overall impression or "gestalt" [@JR1770-7] [@JR1770-14] [@JR1770-15] . However, such a simple scale is likely insufficiently discriminative for use. This has been shown in the colonoscopy literature where bowel preparation scales that require assessment of individual segments of the colon, such as the Boston Bowel Preparation Scale or the Ottawa Bowel Preparation Quality Scale, were shown to have interobserver reliability superior to the Aronchick Scale, which relies only on overall assessment of the colon as a whole [@JR1770-4] . The advantage of segmental compared to overall assessment could be even greater in the small intestine due to its length compared to the relatively short colon. Other strategies employed have taken advantage of segmental scoring, such as dividing the video into five parts and only scoring 5-minute segments within each part [@JR1770-5] ; dividing the video into quartiles by time and evaluating the first and last 10-minute segment in each part [@JR1770-16] ; evaluating only the first and last hour of small intestinal transit [@JR1770-17] ; dividing the video into 10 parts by time and scoring the first 5 minutes of each segment [@JR1770-18] .

The most promising small bowel preparation scale to date was developed by Park and colleagues [@JR1770-19] . Unlike other scales, theirs requires selection of consecutive images at 5-minute intervals, thereby sampling the entire small intestine in many small segments. The images are scored between 0 to 3 based on two domains: proportion of visualized mucosa in the image (VM) and the degree of obstruction by bubbles, debris, and bile (DO) ( [Fig. 1a](#FI1770-1){ref-type="fig"} ). The final score is a mean of the two domain sub-scores. They reported excellent inter-rater agreement (ICC = 0.82) and intra-rater agreement (ICC \> 0.80) for this scale. Furthermore, to ensure the sampled images are representative of the overall video, they compared it to a very labor-intensive strategy in which every image within the first 2 minutes of every 5-minute segment was assessed (e. g. 240 images/5-minute segment) and reported excellent agreement between the two (ICC 0.82).

![  **a** Original iteration of small bowel preparation score [@JR1770-19] . **b** KODA score.](10-1055-a-1176-9889-i1770ei1){#FI1770-1}

Although promising, the operating characteristics of the score have not been validated in an independent cohort made up of different patients and capsule readers. This step is critical to ensuring the operating characteristics of the score, including inter-rater and intra-rater reliability, are generalizable beyond the original investigators. Thus, we aimed to independently validate the reliability of the scale using a diverse range of readers and to develop a training module to permit future dissemination of the score.

Patients and methods
====================

Study design
------------

The study was conducted between 2016 and 2017 and consisted of three phases: Training Phase, Assessment Module 1, and Assessment Module 2. For the training phase, we created a bespoke online platform which contained instructions on how to rate small bowel cleanliness using the study scale in a standardized manner and five practice videos to score with feedback for the first three ( <https://www.schulich.uwo.ca/gastroenterology/research/research_tools> ). One week following completion of the Training Module, readers were sent a link to Assessment Module 1, which consisted of images from 25 capsule videos. Each reader independently rated all images using the study scale and they were unaware of any clinical information related to the capsule video. Four weeks after completion of Assessment Module 1, readers were sent a link to Assessment Module 2, which consisted of the same images as Assessment Module 1 to measure inter-rater and intra-rater reliability. All modules were web-based ( [www.Qualtrics.com](www.Qualtrics.com) ) and could be completed at the time and location of the reader's choosing. The only requirement was to avoid using a cellular phone due to the small screen size. Readers were given 1 week to complete the Training Module and 2 weeks for each Assessment Module given the large number of images involved. The study was approved by the Western University Research Ethics Board (REB\# 108350).

Selection of Readers
--------------------

To maximize generalizability, individuals with varying levels of experience reading capsule endoscopy, at different levels of training, and in different health care professions, were selected as readers. The readers included four capsule endoscopists, who were gastroenterologists with expertise in capsule endoscopy and deep enteroscopy; four gastroenterology fellows; four internal medicine residents; four medical students; and four registered nurses. These groups were selected based on the likelihood they would be involved in capsule endoscopy reading and research. Readers either held academic appointments, were training, or employed at Western University (London, Canada) or the University of Alberta (Edmonton, Canada) or their affiliated hospitals during the study period. Demographic information was collected for each reader along with the number of capsules they had read before study initiation.

Preparation of capsule videos
-----------------------------

A total of 1,233 images from 25 consecutive capsule videos performed at London Health Sciences Centre, a tertiary care hospital affiliated with Western University (London, Canada), between July and October 2015 were used to develop the Assessment Modules. Capsule studies that failed to reach the cecum were excluded. Demographic information regarding the patients and indications for capsule endoscopy were noted. All patients received bowel preparation consisting of 2 L polyethylene glycol electrolyte solution (PegLyte, Pharmascience Inc., Montreal, Canada) the night before capsule endoscopy and clear fluids until fasting started at midnight. In each video, the first duodenal image and first cecal image were landmarked. Thereafter, the first image at 5-minute intervals during small intestinal transit, defined as the period between the first duodenal image and first cecal image, was selected. In cases where the capsule refluxed back into the stomach, the first duodenal image was selected as the last time the capsule entered the small bowel. If the capsule appeared to remain in one location for more than 5 minutes, only one image was selected rather than repeatedly capturing the same image. Images were de-identified and exported as high-quality .jpg files before being uploaded into the Assessment Modules. All capsule studies were performed using the PillCamSB3 capsule and read on RAPID 8.0 (Medtronic, Minneapolis, Minnesota, United States).

Small bowel preparation scale
-----------------------------

Each individual image was scored on two domains: visualized mucosa (VM), defined as the percentage of mucosa visible in the image, and degree of obstruction (DO), defined as the percentage of the image obscured by debris, bubbles, and bile. Each domain was assigned a score between 0 and 3, and the overall score was the mean of the two domain scores ( [Fig. 1b](#FI1770-1){ref-type="fig"} ). Two minor modifications were made from the original description [@JR1770-19] and defined a priori ( [Fig. 1a](#FI1770-1){ref-type="fig"} ). First, to avoid possible ambiguity, scoring was modified to ensure that levels were mutually exclusive. For example, in the original iteration, VM was scored as 3 if ≥ 75 % of the mucosa could be visualized and 2 if 50 % to 75 % of the mucosa was visualized, permitting a score of 3 or 2 to be assigned for an image with exactly 75 % of the mucosa visualizable. As such, we adjusted the cut-off values to maintain mutual exclusivity (ex. 3 = \> 75 % of the mucosa visualized, 2 = 50 % to 75 % of mucosa visualized). Second, we formalized the handling of shadows, which was not clear in the original publication in terms of whether it affects the VM sub-score, DO sub-score, or both. Sample images from the original iteration of the score seem to suggest that shadows should only penalize the VM sub-score and not the DO sub-score (ex. [Fig. 1a](#FI1770-1){ref-type="fig"} , DO score of 3 was rated as having \< 5 % of view obstructed despite there being a large shadow present). Intuitively, we felt this made sense since a shadow would reduce the amount of mucosa visualized but not obstruct the view per se. As such, we amended the scoring guidelines to explicitly state that the presence of shadows should affect the VM sub-score but not the DO sub-score.

Objectives
----------

The primary objective of the study was to estimate the inter-rater and intra-rater reliability of the study scale. Secondary objectives included estimation of the inter-rater and intra-rater reliabilities within each reader group and the median (IQR) for the overall score and sub-scores for all readers and by reader group.

Statistical analyses
--------------------

Inter-rater and intra-rater reliability estimates measured by the intraclass correlation coefficients (ICC) and their corresponding 95 % confidence intervals for the total study score, and for the VM and DO sub-scores, were estimated for capsule endoscopists, gastroenterology fellows, internal medicine residents, medical students, and registered nurses separately and combined. Point estimates were obtained using a two-way random effects model with interaction between videos and readers as described by Eliasziw et al [@JR1770-20] . To avoid the normality assumption, the associated two-sided 95 % confidence intervals for the reliability coefficients were obtained using the non-parametric percentile bootstrap method [@BR1770-21] , commonly known as the cluster bootstrap method, with 2000 replicates, sampled and replaced at the level of the video.

The strength of the reliability estimates was interpreted according to the subjective but well-established, benchmarks of Landis and Koch [@JR1770-22] whereby ICC of \< 0.00, 0.00--0.20, 0.21--0.40, 0.41--0.60, 0.61--0.80, above 0.80 indicate poor, slight, fair, moderate, substantial and almost perfect reliability, respectively.

Sample size for reliability was based on the one-way random effects model, which tends to provide more liberal estimates compared to those based on the two-way models. Assuming a true ICC of 0.8, evaluation of 25 videos 2 times by 20 readers would yield an approximately 90 % chance of obtaining a lower bound for the two-sided 95 % CI for an ICC greater than 0.6 [@JR1770-23] .

Results
=======

Reader demographics
-------------------

The median (range) age of readers was 30 (22--49) and 40 % were females. Capsule endoscopists read a median (range) of 205 capsules (50--500) before study initiation. Among gastroenterology fellows, the median (range) number of capsules read was 6 [@JR1770-5] [@JR1770-6] [@JR1770-7] . Internal medicine residents, medical students, and registered nurses reported no capsule reading experience at the start of the study. All 20 readers completed the three phases of the study. The mean (SD) time required to complete the training module was 65.2 minutes (20.2) after exclusion of a single outlier. In this case, the outlying reader was confirmed later to have left his web browser open while not working on the module, thus inadvertently logging a total of 7225 minutes on the training module.

Patient demographics
--------------------

The median age (range) of capsule endoscopy patients in the study was 67.5 (26, 85) and 14 (56 %) were females. Fifteen patients (60 %) had occult obscure gastrointestinal bleeding (OGIB), six (25 %) had overt OGIB, two (8 %) had Crohn's disease, and two (8 %) underwent small bowel screening for a hereditary polyposis syndrome. The median (range) gastric emptying time was 18 minutes (1, 140) and small bowel transit time 220 minutes (33, 445), respectively.

Bowel preparation score and reliability estimates
-------------------------------------------------

The median (IQR) score for small bowel cleanliness was 1.77 (1.46, 2.14) for the 20 readers and 1.69 (1.35, 2.01), 1.71 (1.44, 2.11), 1.96 (1.68, 2.27), 1.73 (1.42, 2.12), 1.81 (1.48, 2.17) for capsule endoscopists, gatroenterology fellows, internal medicine residents, medical students, and RNs, respectively ( [Table 1](#TB1770-1){ref-type="table"} ). The median (IQR) VM sub-score was 1.58 (1.28, 1.89) and the median (IQR) DO sub-score was 1.96 (1.61, 2.41).

###### Median (IQR) scores assigned by the study cohort.

                                **Median (IQR)**                        
  ----------------------------- ------------------- ------------------- -------------------
  Capsule endoscopist           1.49 (1.20, 1.79)   1.83 (1.51, 2.25)   1.69 (1.35, 2.01)
  Gastroenterology fellows      1.52 (1.27, 1.86)   1.91 (1.57, 2.38)   1.71 (1.44, 2.11)
  Internal medicine residents   1.74 (1.41, 2.01)   2.18 (1.89, 2.59)   1.96 (1.68, 2.27)
  Medical students              1.56 (1.28, 1.88)   1.87 (1.52, 2.33)   1.73 (1.42, 2.12)
  Registered nurses             1.60 (1.29, 1.88)   1.99 (1.64, 2.45)   1.81 (1.48, 2.17)
  Overall                       1.58 (1.28, 1.89)   1.96 (1.61, 2.41)   1.77 (1.46, 2.14)

IQR, interquartile range

For the readers overall, the inter-rater reliability (ICC 0.81, 95 %CI 0.70--0.87) and intra-rater reliability (ICC 0.92, 95 % CI 0.87--0.94) of the study scale was almost perfect ( [Table 2](#TB1770-2){ref-type="table"} ). For the VM sub-score, the inter-rater reliability (ICC 0.79, 95 %CI 0.67--0.85) was substantial and the intra-rater reliability (ICC 0.91, 95 % CI 0.86--0.93) was almost perfect. Similarly, for the DO sub-score, the inter-rater reliability (ICC 0.77, 95 % CI 0.64--0.84) was substantial and the intra-rater reliability (ICC 0.91, 95 % CI 0.87--0.94) was almost perfect.

###### Reliability estimates for the KODA score.

                                **ICC (95 % CI)**                                                                                    
  ----------------------------- ------------------- ------------------- -------------------- ------------------- ------------------- -------------------
  Capsule endoscopists          0.65 (0.50, 0.75)   0.93 (0.89, 0.96)   0.90 (0.83, 0.93)    0.94 (0.89, 0.96)   0.85 (0.76, 0.90)   0.93 (0.89, 0.96)
  Gastroenterology Fellows      0.86 (0.79, 0.90)   0.89 (0.83, 0.93)   0.81 (0.69, 0.88)    0.91 (0.87, 0.94)   0.87 (0.80, 0.92)   0.92 (0.87, 0.95)
  Internal Medicine residents   0.83 (0.72, 0.89)   0.92 (0.87, 0.95)   0.86 (0.75, 0.91)    0.95 (0.92, 0.96)   0.89 (0.79, 0.93)   0.95 (0.92, 0.97)
  Medical students              0.89 (0.80, 0.93)   0.95 (0.91, 0.97)   0.79 (0.68, 0.86)    0.93 (0.88, 0.95)   0.88 (0.80, 0.93)   0.94 (0.90, 0.96)
  Registered nurses             0.76 (0.61, 0.83)   0.85 (0.77, 0.90)   0.67 (0.51, 0.77)    0.85 (0.77, 0.90)   0.72 (0.57, 0.81)   0.86 (0.79, 0.90)
  Overall                       0.79 (0.67, 0.85)   0.91 (0.86, 0.93)   0.77, (0.64, 0.84)   0.91 (0.87, 0.94)   0.81 (0.70, 0.87)   0.92 (0.87, 0.94)

ICC, intraclass correlation coefficient; CI, confidence interval

Discussion
==========

We performed the first validation of the reliability of a small bowel preparation scale. To reflect the work by the original Korean investigators who developed the score and its subsequent validation and training module development in Canada, we propose, in conjunction with our Korean colleagues (e-mail communication with corresponding author, Dr. Bora Keum), naming this scale the KOrea-CanaDA (KODA) score.

A reliable outcome measure should be used in research studies, especially clinical trials. Unvalidated outcome measures with unknown inter-rater and intra-rater reliabilities may yield vastly different results if measured by different outcome assessors or even by the same assessor at different times. The lack of consistency in how an outcome would be rated in these scenarios seriously threatens the validity of findings from such studies. To our knowledge, there have only been two prior attempts at validating a small bowel preparation scale. The first was by Hong-Bin et al. [@JR1770-24] , who reported on the reliability of the Visualized Area Percentage Assessment of Cleansing Score (AAC) and Computed Assessment of Cleansing (CAC) score. However, both scores require specialized image processing software beyond the standard capsule endoscopy reading program and the reliability estimates were based on only two readers. The second was a validation study of a 5-point ordinal small bowel cleanliness scale performed by three readers as part of a clinical trial protocol [@JR1770-25] . To date, the study has only been published in abstract form, thus not allowing adequate assessment of its operating characteristics.

In comparison, our study validated the reliability of the KODA score among 20 readers of varying backgrounds reviewing 1,233 images from 25 capsule videos twice and reported almost perfect inter-rater and intra-rater reliability. The inter-rater and intra-rater reliabilities were almost perfect in individual reader groups with the exception of nurses, which was nonetheless substantial. In clinical practice, capsule endoscopists, gastroenterology fellows, and nurses are the most likely groups to review capsules. However, we included internal medicine residents and medical students for two reasons. First, it is conceivable they may be involved in research that would require them to use the KODA score. Second, and perhaps more importantly, the fact that the score performed so well in these individuals with no endoscopy or gastroenterology experience supports the generalizability of it overall to diverse readers of varied backgrounds.

The primary strength of the KODA score beyond reliability is simplicity and ease of use. Prior attempts at measuring small bowel cleanliness either relied on manual review of the entire capsule video or required specialized imaging software beyond that routinely available in clinical practice [@JR1770-7] [@JR1770-15] [@JR1770-24] [@JR1770-26] [@JR1770-27] [@JR1770-28] [@JR1770-29] [@JR1770-30] [@JR1770-31] [@JR1770-32] [@JR1770-33] [@JR1770-34] . Given that the former may require in excess of 1 hour to review a single capsule video for bowel preparation quality and the latter requires extraction of high-quality screen captures for further image processing using specialized software more commonly used by graphic designers, neither are feasible options for most clinicians. In contrast, the KODA score only requires review of a single image for every 5 minutes of small bowel transit. As such, in a typical capsule video with 3 hours of small bowel transit, only 36 images need to be reviewed. Image selection is made rapid by typing in 5-minute intervals in the time field of the video player after the first duodenal image, negating the need to manually scroll through the video to select images. In our experience, a video typically requires less than 60 seconds to mark images for scoring. In addition, everything can be accomplished within the native capsule endoscopy computer software already in use for clinical practice. Overall, the KODA score is sufficiently easy to use that even readers with no capsule experience, including students, were able to achieve substantial to almost perfect inter-rater and intra-rater reliability after completing the training module. Thus, our results indicate that the KODA score can be used by a diverse range of people upon completion of the Training Module we developed.

There are several limitations of the KODA score and our study. First, the KODA score may be criticized for not reviewing the video in its entirety and instead only rating sequential images 5 minutes apart. Overall, we view this as a benefit of the score given that it saves substantial time. Perhaps more importantly, the representativeness of reviewing images every 5 minutes to the overall cleanliness of the small intestine has already been established. Park et al. [@JR1770-19] previously demonstrated this by reporting almost perfect agreement (ICC 0.82) between scoring images every 5 minutes and scoring every image within the first 2 minutes of every 5-minute segment (e. g. 11,520 images scored in a standard 4-hour video). Ultimately, given the long duration of capsule studies, most scoring systems employ some mechanism to permit scoring of bowel preparation quality without the need to review the video in its entirety, such as dividing the video into five parts and only scoring 5-minute segments within each part [@JR1770-5] ; dividing the video into quartiles and evaluating the first and last 10-minute segment in each part [@JR1770-16] ; evaluating only the first and last hour of small intestinal transit [@JR1770-17] ; dividing the video into 10 parts and scoring the first 5 minute of each segment [@JR1770-18] , or using a colorimetric assay of the progress bar without reviewing the images themselves [@JR1770-24] . Given the correlation between scoring images every 5 minutes and the overall small bowel preparation quality for our score, which has already been established with almost perfect agreement, we do not feel this aspect of our score threatens its validity.

Second, although we demonstrated substantial reliability of the KODA score, we did not address other aspects of validity. Given that the score measures the two most important aspects of capsule imaging quality, the proportion of mucosa visualized and the degree of view that is obstructed, we feel that the KODA score has at least face validity. However, further work will be required to correlate the score with clinical outcomes, which is beyond the scope of this reliability study. Third, we were unable to randomize the order of the capsule studies reviewed during Assessment Module 2 owing to the large number of images involved in the study. However, given the 4-week interval between Assessment Modules 1 and 2, and the fact that 1,233 images were read in duplicate, recall bias during Assessment Module 2 would be very difficult and highly unlikely.

Conclusion
==========

In conclusion, the KODA score is an easy-to-use and highly reliable scale for assessing small bowel preparation quality during capsule endoscopy. Readers of varied background can achieve competency in using this scale after completion of the training module (assessable free-of-charge at <https://www.schulich.uwo.ca/gastroenterology/research/research_tools> ). We recommend its use in future clinical trials for capsule endoscopy to enable standardization of bowel preparation quality assessment.
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